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关关系(p < 0.01), 表明靠近海湾地区土壤碳、氮积累可能受到细颗粒泥沙沉积和滩涂湿地厌氧等环境影响。
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Abstract: The Yellow River Delta (YRD) is a typical fluvial plain that formed by the Yellow River alluvial 
sediments. The soils of the area are heavily influenced by natural processes (e.g., alluviation and deposition of the 
Yellow River) and human activities (e.g., long-term cultivation). The objective of this study was to reveal the 
spatial distribution characteristics of soil organic carbon (SOC) and total nitrogen (TN) in the YRD region based 
on the pedogenetic horizon samples from the typical soil sections of inland to tidal flat. The study could be helpful 
to understand the transport and cycling of terrestrial organic carbon and nitrogen in estuarine-coastal zone. The 
results showed that distinct distribution patterns of soil carbon and nitrogen were observed in the inland and 
estuary areas. The concentrations of TN and SOC in surface soils gradually decreased seaward along the Yellow 
River and in the southern part of the delta, while an increasing trend could be found along the Qingshuigou and 
Diaokou course. A negative correlation of SOC and TN with salt content was found in the soils of the inland areas, 
implying the influence of cultivation on the accumulation of SOC and TN. However, an inverse relationship was 
found in the estuary, which implied that fine particle sediment and reduction condition might make an impact on 
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the accumulation of SOC and TN in the soils of the tidal flat area. The ratio of carbon to nitrogen (C/N) in the soil 
was relatively lower than that in other farmlands. This meant that the soil environment was favorable to the 
accumulation of nitrogen and decomposition of soil organic matter. The depth distribution of SOC and TN indicated 
that the special pedogentic horizons, such as red clay layer in the depth of > 60 cm and peat layer in the topsoil of 
tidal flat, played an important role in the enrichment of SOC and TN in the Yellow River Delta. Therefore, spatial 
distribution pattern and special pedogentic horizons of the soils in YRD formed by cultivation and sediment 
deposition were important factors that affect their seal, release and sink during the SOC and TN cycle process. 



































1  材料与方法 










柽柳 (Tamarix chinensis Lour.)及翅碱蓬 (Suaeda 
heteropter Kitag), 粮食作物以小麦和玉米为主, 经
济作物主要为棉花。 







海口; 线路B: 近海地区为黄河早期的沉积区, 从垦
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图1  研究区土壤采样点布置图 
Fig.1  Location of the sampling sites 
 
表 1  采样点位置描述 
Table 1  Description of the sampling sites 
名称 经纬度 采样地点 备注 
Y1 37°19′N, 118°13′E 博兴县乔庄乡王庄村 线路 A、线路 B
Y2 37°28′N, 118°14′E 利津县北宋乡小郭家村 线路 A、线路 B
Y3 37°33′N, 118°26′E 垦利县胜坨乡胜利村 线路 A 
Y4 37°39′N, 118°38′E 垦利县西宋乡 线路 A、线路 C
Y5 37°43′N, 118°49′E 垦利县黄河口镇新林村 线路 A 
Y6 37°45′N, 118°58′E 垦利县黄河口镇 线路 A 
Y7 37°47′N, 119°04′E 黄河口生态湿地公园管理站 线路 A 
Y8 37°40′N, 118°16′E 利津县盐窝镇东洋江村 线路 B 
Y9 37°49′N, 118°18′E 沾化县下河乡下河村 线路 B 
Y10 37°56′N, 118°18′E 东营市河口区太平乡 线路 B 
Y11 38°00′N, 118°17′E 东营市河口区新户乡以北 线路 B 
Y12 36°56′N, 118°29′E 广饶县大王乡 线路 C 
Y13 37°09′N, 118°30′E 广饶县稻庄乡佛王村 线路 C 
Y14 37°20′N, 118°33′E 东营区六户镇 线路 C 
Y15 37°53′N, 118°43′E 军马场十七连七分场 线路 C 
Y16 38°02′N, 118°44′E 黄河生态湿地保护区 线路 C 
采用重量法和电导法测定全盐含量; 土壤pH按水土
比2.5∶1测定; 土壤颗粒组成分析为去除土壤有机
质和碳酸盐后在激光粒度仪 (Marlvern Mastersizer 
2000F)上测定, 按照国际制土壤粒级划分标准, 土
壤粒径 < 0.002 mm划为黏粒; 土壤总氮用元素分
析仪(Vario MAX CNS)测定; 土壤有机碳含量采用
高温外热重铬酸钾氧化-容量法测定。 
1.3  数据处理 
根据野外调查GPS数据, 采用ArcGis 10.0绘制
采样图(图1)。采用SPSS 20. 0和Origin 8. 0 软件分
析、处理实验数据及作图。 
2  结果与讨论 
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高于前半段, 分别为7.74 g/kg 和7.40 g/kg; 而总氮
的平均含量则相反, 后半段略低于前半段, 分别为














深10 m以下[8], 土壤盐渍化水平低, 土地以农用为
主 , 线路A和线路B农田耕种作物主要是棉花和玉
米; 线路C则为玉米伴有蔬菜间作 , 表现出较高的
总氮含量。三条线路向海推进, 地下水埋深变浅, 土
壤盐渍化加重, 植被逐渐从小麦和蔬菜过渡到棉花
为主, 并有芦苇伴生, 农耕强度降低, 农业输入的 
 
图 2  研究区域土壤表层有机碳和总氮含量分布 
Fig.2  Distribution of organic carbon and total nitrogen in the topsoils of the study area 
(a) 采样线路前半段(靠内陆): 黄河干流及三角洲南部地区; (b) 采样线路后半段(靠海湾): 黄河分支流路及三角洲北部地区。 
(a) The front part of the sampling lines (landward): the mainstream of the Yellow River and the southern region of the detla; (b) the 
latter part of the sampling lines (seaward): the course of the Yellow River and the northern region of the delta. 
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质的含量多在0.43%~0.92%之间 , 平均值为0.79%, 
其中约有50%的有机质富集于 < 0.005 mm的细颗
粒物中, 并且黄河泥沙中 < 0.01 mm的颗粒物是黄



















呈极显著(p < 0.01)正相关关系。 
 
图 3  黄河三角洲表层土壤盐分含量和营养元素的关系 
Fig.3  The correlation between salinity and soil nutrient content  
in the topsoils of Yellow River Delta 
(a) 采样线路前半段(靠内陆): 黄河干流及三角洲南部地区; (b) 采
样线路后半段(靠海湾): 黄河分支流路及三角洲北部地区。 
(a) The front part of the sampling lines (landward): the mainstream of 
the Yellow River and the southern region of the delta; (b) the latter part 
of the sampling lines (seaward): the course of the Yellow River and the 
northern region of the delta. 
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2.3  典型土壤剖面中有机碳和总氮的分布 
黄河三角洲地区土壤剖面碳、氮的研究工作较 
 
表 2  黄河三角洲表层土壤碳氮比 
Table 2  C/N ratios of the topsoils in the Yellow River Delta 
前半段采样点 C/N 后半段采样点 C/N 
Y1 6.7 Y4 6.4 
Y2 6.1 Y5 6.3 
Y3 3.6 Y6 6.7 
Y8 5.4 Y7 8.6 
Y12 4.4 Y9 5.2 
Y13 7.1 Y10 5.6 
Y14 6.7 Y11 7.9 
  Y15 6.7 
  Y16 7.9 
 
少, 又多集中在湿地地区, 且剖面深度在50~80 cm
左右[3, 10, 24], 有关剖面特征层的描述及其对碳、氮积
累的影响尚缺乏分析支撑。根据此次野外实际调查
情况, 研究区域存在两种特殊发生层:  在黄河三角
洲现代沉积区普遍分布着约10~30 cm厚度的红色夹
黏层(Y4和Y10), 分布位置大体上在60 cm以下, 个








研究区域土壤剖面碳、氮含量与土壤黏粒(< 0.002 mm) 







图 4  黄河三角洲土壤剖面中总氮和有机碳含量的变化趋势 
Fig.4  Variation in content of total nitrogen and organic carbon in the soil profiles of the Yellow River Delta 
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